Microalbuminuria is an early sign of kidney damage. The prevalence of microalbuminuria in Singapore has been reported to be 36.0%-48.5%. However, the prevalence of microalbuminuria reported in these studies was determined with one urine sample using a qualitative urine test. The aim of this study was to determine the prevalence of micro-and macroalbuminuria using a more stringent criterion of two positive quantitative urine albumin-creatinine ratio (ACR) tests.
INTRODUCTION
Diabetes mellitus is associated with multiple pathologies, including nephropathy. Around 5%-10% of type 2 diabetes mellitus (T2DM) patients with microalbuminuria develop diabetic nephropathy annually.
(1) The latest Singapore Renal Registry Statistics shows that, as an aetiology, diabetic nephropathy accounts for 64.5% of end stage renal failure. (2) Proteinuria is strongly correlated to progression of renal failure, and has been shown to be a 'nephrotoxin'. (3) Microalbuminuria in diabetic patients has been recognised as not only a predictor of progression of diabetic nephropathy, but also a powerful independent risk factor for cardiovascular disease. (4) Annual screening of microalbuminuria is recommended for all diabetic patients. Many studies have confirmed that an angiotensin-converting enzyme inhibitor (ACEI) or angiotensin receptor blocker (ARB) can retard the progression of albumin excretion. However, multiple factors influence the appearance of albumin in urine. (5) These include ketosis, hyperglycaemia, physical exercise, dietary protein intake, diuresis and the presence of urinary tract infection. Inter-individual variability can be as high as 40%. Due to this variability, confirmation of albumin excretion with additional tests during the subsequent 3-6 months is recommended.
Semi-quantitative tests such as urine test strips for microalbuminuria (the micral test) were used by the National Healthcare Group Polyclinics (NHGP) until mid-2010. The micral test, which gives a qualitative urine test result of normo-, micro-or macroalbuminuria, is suitable as a screening test but not for diagnosis. (6) When following up patients with microalbuminuria, the micral test is also not helpful if the quantity of secreted albumin is unknown. Thus, any measures to delay or curb the disease progression will not be objectively known. The micral test has been replaced by the quantitative urine albumin-creatinine ratio (ACR) test in all NHGP institutions since July 2010. The ACR test is more accurate, as spot creatinine helps to minimise errors caused by concentrated or diluted urine. The ACR test has also been found to accurately correlate with 24-hour urinary protein collection. (7) Multiple studies conducted overseas have demonstrated that the prevalence of microalbuminuria varies among races, even within the same community. (8) As such, data extrapolated from overseas studies would not apply to our local population. Three local studies on the prevalence of microalbuminuria in Singapore have been published, (9) (10) (11) with reported prevalence rates ranging from 36.0% to 48.5%. However, the majority of these studies were based on semi-quantitative tests with only a single urine sample collected.
The present study aimed to establish the current baseline prevalence of micro-and macroalbuminuria in Singapore using the ACR test. This is the first study in Singapore that used a quantitative method with at least two consecutive urine samples to determine the prevalence of micro-and macroalbuminuria in patients with T2DM. The main objective is to test the hypothesis that the prevalence of microalbuminuria was overestimated in Keywords: albuminuria, macroalbuminuria, microalbuminuria, prevalence, type 2 diabetes mellitus previous studies conducted in Singapore. The secondary objective is to identify the possible predictors of albuminuria in patients with T2DM.
METHODS
This was a cross-sectional study conducted on patients with T2DM who attended Clementi Polyclinic, a public institution for primary care in Singapore. The study assessed the prevalence of micro-and macroalbuminuria in consecutively screened adult T2DM patients at Clementi Polyclinic over a seven-month period from 1 August 2010 to 28 February 2011. The diagnosis of T2DM was retrieved from the data recorded in the patient case notes. This study was approved by the Ethics Committee of NHG.
All diabetic patients who visit the polyclinic are offered an annual diabetes monitoring panel. The panel consists of biochemical analyses of serum and urine, including glycated haemoglobin (HbA1c) test, lipid profile, urine dipstick, urine microalbumin, fasting glucose, serum creatinine, sodium and potassium. The urine microalbumin test, i.e. ACR, (Advia 2400, Siemens Healthcare Diagnostics, Erlangen, Germany) is a quantitative test conducted via a random spot urine specimen. All urine microalbumin tests are conducted in the morning to eliminate the effect of orthostatic proteinuria. (12) The proteincreatinine ratio (PCR) test may be used in place of the ACR test if ACR is more than 30 mg/mmoL; this is because the relationship between ACR and PCR is non-linear, and higher ACRs could not adequately predict the amount of 24-hour urinary protein. (13) Since the switch from the micral test to the quantitative urine ACR test for diagnosis of microalbuminuria, all doctors working in the polyclinic had been briefed and reminded to offer a second urine test if the first urine sample showed ACR > 2.5 mg/mmoL for male patients and > 3.5 mg/mmoL for female patients.
T2DM patients aged > 18 years who underwent the diabetes monitoring panel from 1 August 2010 to 31 October 2010 were selected for the present study. Patients who were detected to have micro-or macroalbuminuria during that period were followed up till 28 February 2011 (up to four months) and underwent a second urine test. The exclusion criteria were: (a) patients with leucocytes ≥ 1+ or positive nitrite detected in the urine dipstick test (both were indicative of bacteriuria); (b) patients whose urine sample showed red blood cells ≥ 1+; (c) patients with type 1 diabetes mellitus (T1DM) who had known proteinuria or chronic kidney disease (CKD) stage 3 and beyond (i.e. glomerular filtration rate < 60 mL/min/1.72m
2 ), prior to the diagnosis of T1DM; and (d) patients who did not have a second urine test when indicated. The electronic medical notes and a computerised patient support system were used to identify patients who met the inclusion criteria, as well as to assess the relevant history, laboratory investigation reports and prescriptions of each identified patient.
Normoalbuminuria was defined as urinary ACR ≤ 2.5 mg/mmoL for male and ACR ≤ 3.5 mg/mmoL for female patients. Patients who were found to have normoalbuminuria at the first urine test were not offered a second urine test. Male and female patients whose first urine sample showed ACR > 2.5 mg/mmoL and ACR > 3.5 mg/mmoL, respectively, but whose second urine sample showed ACR less than the cutoff for each gender were deemed to have normoalbuminuria. Patients were classified as having microalbuminuria if both urine samples showed ACRs from > 2.5 mg/mmoL to 30 mg/mmoL for male and from > 3.5 mg/mmoL to 30 mg/mmoL for female patients, or PCR > 19 mg/mmoL to 50 mg/mmoL for both genders. Patients who were found to have macroalbuminuria at the first urine test but subsequently developed microalbuminuria (detected at the second urine test) were deemed to have microalbuminuria. If both the urine samples showed ACR > 30 mg/mmoL or PCR > 50 mg/mmoL, the patient was classified as having macroalbuminuria. Patients who were found to have microalbuminuria at the first urine test but who subsequently developed macroalbuminuria (detected at the second urine test) were classified as having macroalbuminuria (Table I) .
The sample size for the present trial was calculated based on the assumption that the prevalence of microalbuminuria is less than 30%, which is lower than the lowest prevalence of 36% (10) observed in the three local studies. (9) (10) (11) Computing from a type I error of 1% and a type II error of 20%, at least 672 patients were required for the trial analysis. After including an overall dropout rate of 30% (i.e. patients who do not return for their second urine test), the trial would require a total enrolment of 874 patients. On the average, 10-20 patients per day undergo diabetes monitoring panel tests at the polyclinic. Therefore, it took 13 weeks (from 1 August 2010 to 31 October 2010) to Patients who attended DM panel (n = 1,318)
Did not undergo DM panel (n = 10)
Did not have T2DM (n = 7)
No urine sample (n = 51)
Abnormal urine dipstick (n = 373)
Renal disease prior to DM diagnosis (n = 17)
Did not undergo recommended second ACR/PCR test (n = 74)
Patients included in the study analysis (n = 786) 
RESULTS
A total of 1,318 patients attended diabetes monitoring panel tests at Clementi Polyclinic during the described time frame. 216 patients required a second confirmatory urine test. Of the 216 patients, 74 did not turn up for their second ACR or PCR tests. Finally, 786 eligible patients were included in the study analysis (Fig. 1) . The overall prevalence of micro-and macroalbuminuria among the T2DM patients was 14.2% and 5.7%, respectively (Table II) . About 19.0% of the patients who initially had microalbuminuria (29 out of 153) reverted to normoalbuminuria with a repeat urine test. However, no patients with initial macroalbuminuria were reclassified to normoalbuminuria with the repeat urine test. Following the reclassification, the prevalence of normoalbuminuria increased from 76.3% to 80.0%.
Among those who were found to have macroalbuminuria at the first urine test, 18.2% (6 out of 33) were reclassified as having microalbuminuria with the repeat urine test. 69.3% of patients (106 out of 153) who were classified with microalbuminuria remained in the same category after the second urine test. 11.8% of patients (18 out of 153) who were initially found to have microalbuminuria were reclassified as having macroalbuminuria after the second urine test. The second urine ACR test reduced the prevalence of microalbuminuria from 19.5% to 14.2%. At the first urine test, 33 patients were found to have macroalbuminuria, but the total number increased to 45 after the second urine test. 81.8% of patients (27 out of 33) who were classified as having macroalbuminuria remained in the same category after the second urine test. The prevalence of macroalbuminuria increased from 4.2% to 5.7% after the reclassification. The odds of developing albuminuria among T2DM patients with glomerular filtration rate (GFR) < 60 mL/min (i.e. CKD stage 3 and beyond) were two times as high as that of T2DM patients with normal GFR (adjusted OR 2.14, 95% CI 1.36-3.38). The odds of having albuminuria among T2DM patients with suboptimal DM control of HbA1c > 7.0% were 88% higher than those with HbA1c ≤ 7.0% (adjusted OR 1.88, 95% CI 1.26-2.79). In addition, T2DM patients with the following characteristics have higher odds of being diagnosed with albuminuria: systolic blood pressure (BP) ≥ 130 mmHg or diastolic BP ≥ 80 mmHg; duration of T2DM ≥ 7 years; and male gender (Table III) .
DISCUSSION
We compared the present study with three studies conducted in the local context, namely the Microalbuminuria Prevalence Study (MAPS), (9) Singapore Prospective Study Programme (10) and Diabcare study. (11) In MAPS (Singapore), Wu et al (9) sampled 388 patients using one sample of early morning urine. All the patients had hypertension (compared to 83.1% in the current study) and T2DM, with an average disease duration of 8.6 years, an average HbA1c level of 7.9% and an average age of 58.3 years (about five years younger than the average age in the current study). The proportion of male to female participants was not reported. ACEI and ARB were only used in 34% and 23% of patients, respectively, (9) as compared to 50.8% and 15.9% in the current study. The reported prevalence rates of micro-and macroalbuminuria were 48.5% and 23.5%, respectively. Nang et al's study, (10) which sampled 446 patients using one early morning urine sample, was a community-based study where the diabetic condition was self-reported. The prevalence of albuminuria was 37.6%. The Diabcare study by Lee et al (11) sampled 174 patients using one urine sample; no mention was made of whether they were early morning or random urine collections. The reported prevalence of albuminuria was 39% (36% microalbuminuria and 3% macroalbuminuria). 91.4% of the patients had T2DM, 8.2% had T1DM and 0.4% were classified as others; 22.8% of the study population were hypertensive. The average age and duration of DM were 58.1 years and 10.1 years, respectively. The gender distribution was 52.3% female and 48.1% male. (11) Comparing the demographics of the current study with that of the aforementioned studies, our study comprised participants who were generally older and a higher proportion of males. The racial proportion of this study is comparable to that of the studies of Nang et al (10) and Lee et al. (11) The final prevalence rates of micro-and macroalbuminuria in the current study were 14.2% and 5.7%, respectively; these figures are much lower than the rates of 48.5% and 23.5% reported in MAPS (Singapore). (9) Possible reasons for this large disparity included: (a) difference in BP measurements (median BP in our study was 127/70 mmHg, while mean BP in MAPS [Singapore] was 144/84 mmHg); (b) the median HbA1c in our study was 0.7% lower than the mean reported in MAPS (Singapore); and (c) there was a lower proportion of patients who were on antiproteinuric agents in MAPS (Singapore). The 37.6% prevalence of proteinuria (i.e. micro and macro) reported in the Singapore Prospective Study Programme (10) was also higher than the 19.9% prevalence (14.2% micro and 5.7% macro) found in the current study.
Similarly, the prevalence of microalbuminuria in the current study was less than half of that reported in the Diabcare study (36%). (11) There could be several reasons for the lower prevalence found in our study. First, the quantitative method (i.e. ACR test) used in the current study is a more accurate way of determining albumin levels, whereas in previous studies, the use of semiquantitative dipstick tests to screen for microalbuminuria could have overestimated its prevalence. Second, up to two-thirds of the T2DM patients with albuminuria had been taking antiproteinuric agents prior to the current study. There is extensive and conclusive evidence that blockage of the renin-angiotensin-aldosterone system is a highly effective strategy to decrease the amount of albumin in the urine. (14) Therefore, it is likely that the patients who were on antiproteinuric agents could have reverted to normoalbuminuria and were thus classified as such, reducing the prevalence of albuminuria in the current study. Finally, the methods used in this study may have reduced the prevalence rates, as only patients who had albuminuria were advised to return for a repeat urine test, whereas those with normoalbuminuria were not. Also, the second urine sample was preferred to determine a definitive classification, if the result was incongruent with the first sample. This criterion was used as the first ACR tests were done on fasting samples conducted together with the diabetes monitoring panel. The second urine sample was tested in a nonfasting state and therefore reduced the chances of dehydration, a possible cause of albuminuria. However, the impact of this reclassification method was small, as there were only slight changes in the prevalence of micro-(from 19.5% to 14.2%) and macroalbuminuria (from 4.2% to 5.7%).
In the current study, the prevalence of albuminuria (both micro and macro) after the reclassification was reduced from 23.7% to 19.9%; even then, the higher pre-classification rate of 23.7% was still considerably lower than that reported by previous studies. Hence, a lower prevalence of microalbuminuria was found among T2DM patients in this study compared with previous studies conducted in Singapore. Similarly, a Minnesota study reported a 60% decline in the prevalence of proteinuria among people with adult-onset DM between 1970 and 1990, (15) although the cause of decline over time was not known.
In terms of the usage of ACEI and ARB, the current study showed that ACEI (43.8%) was used more frequently than ARB (13.5%) in patients with T2DM. As ACEI and ARB are different classes of drugs, clinical equivalence cannot be assumed. Mechanistically speaking, ARB may be a better renin-angiotensinaldosterone-system blocking agent than ACEI. (16) Moreover, a 20%-50% incidence of ACEI-associated coughing has been reported in Chinese patients. (17) Whether ARB is more appropriate than ACEI for the treatment of diabetic nephropathy in Asians is an important clinical and economical consideration, especially in the public setting.
The potential predictors of albuminuria found in the current study included: (a) a diagnosis of hypertension; (b) actual BP ≥ 130/80 mmHg; (c) male T2DM patients; (d) HbA1c > 7.0%; (e) duration of DM ≥ 7 years; and (f) T2DM patients with CKD stage 3 and beyond. Interestingly, all the parameters of the lipid panel did not seem to have a significant impact on albuminuria. In the post-hoc analysis, T2DM patients of Malay ethnic origin seemed to have higher odds of developing macro-but not microalbuminuria.
This study is not without its limitations. First, the authors opine that, realistically, all patients would not undergo retesting of ACRs within one year if the result was normal, as recommended in NHG's institutional guidelines. (18) This method of classifying albuminuria reduces costs and allows for easier comparison in future studies. Johnson et al (13) likewise recommended that if the initial urine ACR test was negative, repeat testing was not required until the next recommended testing interval. However, the criteria for diagnosis of albuminuria in the current study did not strictly adhere to the Kidney Disease Outcomes Quality Initiative Clinical Practice Guidelines. (5) Second, non-diabetic renal disease as an underlying cause of albuminuria (19) was not excluded in the current study. Also, we did not explore or examine patients who have had their albuminuria successfully treated with ACEI or ARB and the genetic impact of polymorphism of the ACE gene on the progression of diabetic nephropathy. (20) Finally, selection bias could not be excluded, as the study population might have included a higher proportion of motivated T2DM patients who attend their annual panel tests regularly and repeat urine tests when indicated.
In conclusion, the current study has established a baseline reference for the prevalence of micro-and macroalbuminuria among T2DM patients in a primary care setting in Singapore. Lower prevalence rates were found in this study as compared with other local studies. However, the better methodology used in this study could not fully account for the lower prevalence rates, and thus, the usage of ACEI and ARB may be an important contributing factor. This study also suggests that T2DM patients with coexisting hypertension have a higher prevalence of albuminuria. As T2DM patients tend to develop hypertension sooner than T1DM patients (raised BP being part of the metabolic syndrome) and there tends to be a higher number of T2DM patients, it will be prudent for primary care physicians to screen, control and treat diabetic nephropathy in T2DM patients early in the course of the disease. (21) Future studies should be conducted to validate the methodology used in this study in order to confirm that the rigour of diagnosis will not be compromised by the practicability of clinical routine. Finally, future studies should also be designed to confirm the predictors of albuminuria, as suggested by this study.
